The light emission time response of quenched NElil plastic scintillators has been measured using a streak camera (20 ps resolution) and 100 to 180 ps, 1.06 pm, laser-produced, pulsed, low energy x-ray excitation. Each light output pulse was obtained by deconvolution from the film data using the x-ray temporal response measured with an x-ray sensitive streak camera (10 ps resolution). Time response parameters are presented for benzophenone and acetophenone, quenching agents which most effectively reduce the decay time of the singlet component. Full width-half-maximums < 260 ps were observed for NEll samples quenched with > 2% benzophenone. Results are given for unquenched samples consisting of different concentrations of butyl-PBD in PVT and for the phosphor ZnO doped with Ga.
INTRODUCTION
Plastic scintillators are used in many types of particle and photon detection systems to convert the incident ionizing radiation to light. Extremely fast plastic scintillators are needed for many applications such as plasma diagnostics. Quenched plastics will fill this need for those applications which do not require maximum sensitivity but which require superior time response. The development of these scintillators and results of related measurements are presented in another paper.1
Because of time resolution limitations of other methods, we have developed a streak camera technique for measuring fluor emission time response.
Excitation is with single, laser-produced, low energy x-ray pulses. Since the basic resolution of the streak camera2 is 20 ps, the measurement is limited by the 100 to 180 ps FWHM of the x-ray emission. However, by simultaneously recording the x-ray emission response with an x-ray sensitive streak camera3, we are able to obtain the light output pulse by deconvolution. This technique provides better basic time resolution than other methods. For The experimental arrangement is shown in Fig. 1 . A 1.06 pm, 1 J, 150 ps laser pulse in focused on an iron slab at the center of an evacuated chamber. As the result of the plasma interaction, an x-ray pulse is produced with FWHM in the 120-180 ps range and a spectral shape as shown in Fig. 2. (The x-ray energy distribution was measured with a 7-channel P-I-N diode array with appropriate K-edge filters.)
Two streak cameras are mounted symmetrically with respect to the laser beam and target to detect similar portions of the emitted x-ray pulse. Three plastic scintillator samples (3mm x 9mm x 62mm) were assembled in a 3-channel vacuum light guide 0-shooter).
X-rays transmitted through a 25 pm Be light shield interact with the scintillators. The light emitted from each is guided to separate sections of the photocathode of an UV sensitive S-20 ultrafast streak camera. A light guide was necessary to provide sufficient recordable light intensity. Material dispersion was avoided by using an evacuated guide with silvered walls for high reflectance in the fluor emission wavelength region (9 3800 A). The three shooter permits more accurate measurements of relative total light output because the three scintillators sample a nearly identical portion of the x-ray pulse. A photographic view of the light guide, sample holder, mounted scintillators, and Be shield is shown in Fig. 3 . The sides of the samples are blackened and each glass sample retaining well is coated to suppress internal sample reflections.
X-ray pulse shape information was recorded on each shot to take into account variations in laser pulse duration. The x-ray streak camera was operated at approximately 40 ps/mm compared to 100 ps/mm for the optical streak camera.
DATA ANALYSIS
The scintillator raw data is a convolution of the fluor time response, the light guide time dispersion, and the input time response of the x-ray pulse. The light guide time dispersion is required to deconvolve the time response of the light emitted from the scintillator. The x-ray time response is required to deconvolve the scintillator time response due to an instantaneous x-ray input. The general data analysis procedure is outlined in Fig. 4 .
Typical raw data for both the x-ray streak camera and the 3 shooter are shown in Fig. 5 This data is corrected for the non-linear streak speed of each camera. The optical streak camera distance-time conversion curve was based on accurately known dimensions of an etalon. The etalon was used to develop a laser pulse train with a known pulse separation which was fed directly to the S-20 entrance slit. A laser-generated, double x-ray pulse was used to calibrate the x-ray streak camera. Additional data were obtained by using the x-ray streak camera deflection circuitry coupled to an optical streak camera of the same internal design and employing the standard optical camera calibration technique.
Relative intensities were corrected to account for the linear dependence of film exposure on the streak camera sweep velocity. An example of an x-ray time response thus derived is shown in Fig. 7 . The calculated time dispersion of the light guide, which is discussed in Appendix A, is also shown for compari son.
As can be inferred from Fig. 7 the deconvolution is relatively insensitive to the uncertainty in the light guide calculation. Prior to the unfolding procedure the corrected scintillator data was smoothed as shown in Fig. 8 . A typical resultant time response is compared to the filtered input in Fig. 9 .
RESULTS
The experimental results are summarized in Table 1 . The time response measurements of the benzophenone quenched samples are shown in Fig. 10 Most probably the disagreement is due to differences in sample excitation. High energy electrons excite the total sample volume. X-rays excite a thin surface layer, that part of the sample which is most susceptible to contamination. Instability or contamination of quenched plastic fluor surfaces may be a serious problem. Thus, a detailed comparison of measured light pulse shapes with theoretical models is not yet warranted.
APPENDIX A LIGHT GUIDE TRANSIT TIME DISPERSION CALCULATION
The time dispersion of the light guide was calculated assuming uniform isotropic emission of light from the scintillator. Rays reflected from the silvered interior surfaces were traced from the scintillator to the streak camera entrance slit over the light guide geometry in order to determine the distribution of path lengths. The dependence of the reflectance on the angle of incidence was taken into account.6 Optical constants were used that have been measured for vacuum evaporated silver with some exposure to air.7 Preliminary calculations were made for a range of wavelengths covering the spectal emission region of NEll. We determined that results obtained for the NEll peak emission wave-length (3800 A) would provide a good average. Calculations at these wavelengths were repeated using a large number of rays to obtain the results shown in Fig. 7 .
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